Snacking is often regarded as a cause of overweight. However, the main issue is to determine whether the consumption of snacks leads to an increase in energy intake or whether a compensation phenomenon exists and maintains daily energy intake at a constant level. The objective of the present study was to determine whether the repeated consumption of a high-protein, moderate-energy, cheesy snack given as a preload 1 h before a meal altered energy intake at the next meal and then throughout the day, and if this kind of snack was energetically compensated. Normal-weight women (n 27) were recruited for the study. All subjects were healthy non-smokers, aged 18 -60 years. The snacks consisted of portions of cheese containing 22 g protein, with an energy value of 836 kJ. Two types of snack were compared, differing in terms of the type of milk proteins they contained: the first contained casein only (CAS), while the second contained a mixture of casein and whey proteins (WHEY þ CAS; 2:1). The principal finding of the present study was that the ingestion of the two snacks 1 h before lunch led to energy compensation of 83·1 (SEM 9·4) and 67·0 (SEM 16·4) % for WHEY þ CAS and CAS respectively, at lunch, and 121·6 (SEM 36·5) and 142·1 (SEM 29·7) % for WHEY þ CAS and CAS respectively, regarding the whole-day energy intake. In conclusion, the repeated consumption of a high-protein, moderate-energy, regular cheesy snack should not promote overweight because energy intake appears to be regulated during subsequent meals on the same day.
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Satiety: Snacks: Protein: Cheese: Whey
The effect of snacks on energy intake and body weight is still matter of debate. The issue is to determine whether the consumption of snacks leads to an increase in energy intake, meaning that the energy provided by snacks is added to daily energy intake, or if a compensation phenomenon occurs because individuals unconsciously tend to consume less energy during the meal after a snack (1, 2) . Moreover, in case of compensation, it is interesting to see if it is a full compensation resulting in a constant daily energy intake or a partial compensation, observed when the reduction of energy intake at the test meal is lower than the energy of the snack. Obviously, this effect can be modulated by several factors, including the amount of energy provided by the snack, its nutritional composition and whether the individual is used to consuming snacks or not.
In most studies using a preload paradigm, the energy value of the preload is between 1200 and 3000 kJ; this is relatively high, as it provides more energy than the usual mean energy contribution of snacks (3) . Moreover, in nearly all studies, there has been no repeated intake of the preload, and food intake is measured the first time after volunteers eat the preload. As previously suggested, energy compensation after a reduced-fat lunch depends on whether subjects are used to consuming snacks or not. Those who are used to, said to be 'nibblers', compensate more than 'gorgers' who have a low habitual eating frequency (4) . Moreover, it has been shown that repeated consumption of the same food over a few days constitutes a learning phase for the effects on appetite of this food, which then determines food intake during the post-training test (5, 6) . Lastly, the composition of a snack is also important. Of the three macronutrients, protein is thought to have the most marked effect on satiety (7 -12) . In addition, some authors have reported that satiety can be modulated by protein type (13 -15) . However, during most studies, the amount of protein used as a preload is dramatically high (about 50 g) and taken as pure protein in a liquid form.
The objective of the present study was thus to determine whether the repeated consumption of a high-protein, moderate-energy, regular cheesy snack altered energy intake during the next test meal and then throughout the day, and whether there was any compensation for this type of snack. Two high-protein snacks were used, one containing casein only (22·9 g) and the other containing both casein (14·5 g) and whey proteins (7·1 g).
Subjects and methods
The present study was performed at the Human Nutrition Research Centre (Avicenne Hospital, Bobigny, France). The study was approved by the Ethics Committee for Ile de France X (Aulnay-sous-Bois, France).
Subjects
Twenty-seven women were recruited by means of posters and messages sent to electronic mailing lists. All subjects were healthy non-smokers, aged 18 -60 years, with a BMI ranging from 18 to 25 kg/m 2 . They had no food allergies or dislikes regarding the foods proposed for the test meals and preloads, and were not taking any medication known to affect appetite. Moreover, we only recruited volunteers who, in response to a general food habits questionnaire, stated that they were used to eating three regular meals per d and did not consume any morning snack on a regular basis. Pregnant or breast-feeding women, athletes in training, individuals with a score . 10 on the Three-Factor Eating Questionnaire (16) and those suffering from hypercholesterolaemia or diabetes were not included in the study. Because knowledge of the purpose of the present study could impact on the participants' eating behaviour, they were told that its aim was to assess the effect of consuming a snack on their attentiveness and concentration. In support of this, subjects had to complete a short test comprising standard logical questions on each test day, although the results were not analysed. The subjects received financial compensation for their participation, and the true nature of the study was revealed to them during a debriefing session at the end of the study.
Menus and foods
All foods were widely available, industrial products. Before the study started, we ensured that volunteers liked the different foods proposed, in order to reduce lassitude and dislikes. Subjects were provided with a wide variety of foods to make up a typical French breakfast, biscuits and an apple sauce portion for an optional afternoon snack and a full menu for dinner. Breakfast, the afternoon snack and dinner were provided in packed containers that the volunteers ate freely at home. Lunch was taken at the Research Centre in private cubicles and was a full menu comprising a starter, main course and dessert. All foods (Table 1) were served in generous portions that were weighed before being served and reweighed after the subjects had eaten in order to obtain the net amount consumed of each food. Subjects had to return any uneaten foods from their packed meals the day after each test day.
Preloads
Two types of preloads were used, both taking the form of a 75 g high-protein cheese portion ( Table 2 ). The first (CAS) was a portion of commercially available French cheese and only contained casein as protein; the second (WHEY þ CAS) was a portion of cheese specially manufactured for the study in which one-third of the casein was replaced by whey proteins. The two preloads were isovolumic, contained the same quantity of proteins (22 g ) and were almost isoenergetic: 836 and 752 kJ for CAS and WHEY þ CAS, respectively, i.e. 1116 and 1014 kJ/100 g, respectively.
Design
Each subject participated in two identical randomised sessions, one session per type of preload, resulting in a withinsubject, repeated-measures design. Sessions started with two consecutive test days during which the 24 h energy intake was measured without consumption of a preload (control). This 2 d test period was designed to prevent any bias due to the fact that volunteers could be disturbed by visiting the unfamiliar environment of the laboratory, at least during the first session. During the next 5 d, the volunteers were asked to consume at home, at 11.30 hours, a portion of one of the two preloads. These days constituted the training period. Finally, the session ended with two identical consecutive days during which their 24 h energy intake was measured, this time after consumption at 11.30 hours of the preload given during the training period. In order to minimise lassitude, the menu at lunch and dinner for the two consecutive days was equivalent, but not the same. However, food for breakfast and afternoon snack were always identical. Menu 1 was given on day 1 and menu 2 on day 2 ( Table 1 ). The two sessions were separated by a 5 d wash-out period (Fig. 1) .
On each test day, subjects were instructed to eat the breakfast provided at their home between 07.00 and 08.30 hours, and were not allowed to consume any foods or energy-containing beverages until 11.30 hours. They arrived at the laboratory just before 11.30 hours and were taken to a private cubicle. At 11.30 hours, except on the control day, they were asked to eat the entire preload within 15 min. Between 12.00 and 12.15 hours, they completed the logic and comprehension test. The ad libitum lunch was served at 12.30 hours and the subjects were asked to eat it within 45 min. The volunteers then left the laboratory with the food for their afternoon snack and dinner. They were not allowed to consume any energy-containing beverages for the rest of the day.
Visual analogue scales
Subjects were required to score their feelings of hunger and fullness, prospective food consumption, their desire to eat and nausea on 100 mm visual analogue scales. These were completed after breakfast, at 11.30 hours during the control day or immediately before and after consumption of the preload, before and after lunch, at 14.00, 15.00, 17.00 and 19.00 hours and before and after dinner. The palatability of meals (lunch and dinner) and preloads were also measured using visual analogue scales.
Statistical analyses
Statistical analyses were performed using SAS for Windows (version 9.1; SAS Institute, Inc., Cary, NC, USA). Descriptive data are presented as mean values with their standard errors. One-way ANOVA was performed using the general linear model procedure. Tukey's significant difference test was used for post hoc comparisons of significant effects. Results were considered to be significant at the P, 0·05 level.
Energy intake from lunch, and the 24 h food intake with and without the preload were analysed. The percentage of energy compensation at lunch was calculated by dividing the difference in energy intake at lunch between the control situation and situation X by the energy value of the preload X:
Compensation at lunch ¼ ðenergy consumed at control lunch 2 energy consumed at lunch after preload XÞ= energy of preload X:
In the same way, the percentage of energy compensation over the whole day was calculated by dividing the difference in 24 h energy intake between the control situation and situation X by the energy value of the preload X: 
Results

Subjects
Of the twenty-seven subjects recruited, seven did not complete the protocol (preloads not entirely consumed, problem of compliance with the schedules). As a consequence, the final sample consisted of twenty lean women with a mean BMI of 21·6 (SEM 1·7) kg/m 2 and a mean age of 32·4 (SEM 11·40) years. The debriefing discussion revealed that the volunteers thought that the logic tests were real and had not realised that the purpose of the study was food consumption and the effects of snacks on appetite.
Energy intake
Within a particular session, energy intake at lunch and throughout the day on the two consecutive control days showed no difference between the two days. The same applied for energy intake on the two consecutive days with the consumption of a snack. Thus the results shown below are the mean values over the two consecutive days in each case. Moreover, there was no session effect, so the control condition is represented by the mean of all four control days during the two sessions. Energy intake at lunch was significantly lower with the WHEY þ CAS (2278·1 (SEM 148·4) kJ) and CAS (2350·4 (SEM 132·5) kJ) preloads than under the control condition (2910·9 (SEM 107·0) kJ) (P¼0·001 and P¼0·005 respectively). No difference was observed between the WHEY þ CAS and CAS conditions (P¼0·93). When the energy value of the preload was added to the energy intake at lunch, the WHEY þ CAS (3038·9 (SEM 148·4) kJ) and CAS (3186·4 (SEM 132·5) kJ) conditions did not differ from the control (P¼0·75 and P¼0·27 respectively) ( Table 3) . Energy compensation at lunch with the CAS preload reached 67·0 (SEM 16·4) %, which constituted partial compensation (statistically . 0 % and statistically , 100 %). Energy compensation at lunch with the WHEY þ CAS preload reached 83·1 (SEM 9·4) %, which constituted complete compensation since it was statistically . 0 % and did not differ from 100 %. There was no significant difference between the energy compensation of the two preloads.
Energy intake during the whole day (energy of the snack not included) after the WHEY þ CAS preload (9075·2 (SEM 537·1) kJ), CAS preload (8811·9 (SEM 490·3) kJ) and under control conditions (10 000·2 (SEM 329·8) kJ) did not significantly differ (P¼ 0·83). The total 24 h energy intake (energy of the snack included) under control conditions did not differ from the WHEY þ CAS (9836·0 (SEM 537·1) kJ; P¼0·96) or CAS conditions (9647·9 (SEM 490·3 kJ); P¼0·82) ( Table 3 ). The whole-day energy compensation with the two preloads was complete (statistically . 0 % and not differing from 100 %): 121·6 (SEM 36·5) % with the WHEY þ CAS preload and 142·1 (SEM 29·7) % with the CAS preload. There was no significant difference between the whole-day energy compensation of the two preloads.
Palatability of foods and visual analogue scale ratings
The palatability of the two menus did not differ regarding lunch (49 (SEM 2) mm for menu 1 and 53 (SEM 2) mm for menu 2) or dinner (57 (SEM 2) mm for menu 1 and 55 (SEM 2) mm for menu 2) and did not vary on the different days of the study. However, the palatability of the CAS preload was judged better than that of the WHEY þ CAS preload (P,0·001 regarding taste, texture and appearance). Pleasantness scores for taste, texture and appearance were 54 (SEM 2), 52 (SEM 3) and 62 (SEM 2) mm, respectively for CAS and 37 (SEM 3), 40 (SEM 3) and 45 (SEM 2) mm for WHEY þ CAS. Under all conditions, no significant differences were found with respect to subjective ratings of hunger, fullness, nausea, prospective food consumption or desire to eat at the end of the breakfast or before consuming the preload. Immediately after eating the preload (CAS or WHEY þ CAS) and before lunch, subjects reported a greater reduction in hunger, desire to eat and prospective food consumption, as well as a greater increase in fullness, when compared with the control condition (P,0·05). After lunch and for the rest of the day, no difference was observed between subjective ratings for hunger, fullness, nausea, prospective food consumption and desire to eat under the three conditions (Fig. 2) .
Discussion
The purpose of the present experiment was to determine whether the repeated consumption of a high-protein snack containing a moderate amount of energy and given as a preload could affect energy intake at subsequent meal(s) and was energetically compensated. The principal observation was that consumption of a 836 kJ preload, where more than 40 % of energy is provided by proteins, 1 h before an ad libitum meal resulted in a partial compensation during this meal and in a full compensation concerning the 24 h energy intake. The originality of our design was the fact that two consecutive days of testing were performed using similar menus for the meals. We observed a good repeatability of energy consumption on the two consecutive days under each condition. This result showed that, in line with the palatability scores, which were identical, our two menus were accepted in a same way and the subjects were not disturbed by eating in an inhabitual environment.
The results of the present study showed that volunteers ate significantly less at lunch after consuming a high-protein preload, but the reduction in energy intake compared with control conditions was less than the energy value of the preload. When we compared the energy consumption of the whole test day (breakfast, lunch, afternoon snack and dinner), we observed that the total energy intake did not differ on days with a preload from that on control days. Consequently, partial compensation was made during the meal following the consumption of snacks and full compensation over the whole day. An energy compensation phenomenon is often observed during experiments using high-protein preloads, but in contrast to the present results, test meal compensation is often greater than that concerning total day intake (12, 17, 18) . For instance, De Graaf & Hulshof (17) showed that a preload of 1·3 MJ containing 27 g milk and soyabean protein consumed 2 h before a buffet-type lunch resulted in 107 % compensation at lunch and only 8 % in terms of total intake over the day. Such differences could arise from the fact that several parameters could influence the results. The main reason could be the fact that our preloads are solid and not liquid, but the source and quantity of proteins, the amount of energy in the preload, the type of macronutrient consumed and the interval elapsing between the preload and the test meal may also interfere. In our case, an interval of 1 h between the preload and test meal appeared to be appropriate, because some of the studies by Porrini et al. (12) and Anderson et al. (14) demonstrated the satiety effect of a preload on a test meal eaten 0-120 min after its ingestion. The amount of energy of our preload seems to be sufficient too, since studies of Porrini et al. (12) and Anderson et al. (14) managed to show an effect of preloads of 648 and 833 kJ respectively. A further explanation is that during most studies, volunteers only ingested each preload once, while we used a protocol involving repeated ingestion (5 d) of the preload. During the present study, this training period was designed to induce (if it was necessary) a learned response in volunteers to the metabolic consequences on satiety of the ingestion of a high-protein preload. The influence of training would be an interesting question to address but the present study was not designed to look at this.
The digestion and absorption of whey and casein differ in that casein, unlike whey, coagulates in the stomach due to its precipitation by gastric acid (19, 20) . As a result, overall gastric emptying time for casein is longer and there is a smaller postprandial increase in plasma amino acids compared with the non-coagulating whey protein. The concept of 'fast' and 'slow' proteins was introduced by Boirie et al. (21) to describe these differences in digestion and absorption of whey and casein. It might be predicted therefore that whey, a 'fast' protein, would be more satiating than casein, perhaps on the basis of Mellinkoff's (15, 22) original aminostatic concept showing that a larger rise in plasma amino acids would increase satiety and also because of an early effect of whey proteins on satiety hormones (15) and/or neuropeptides. No difference was observed between the two cheese preload snacks (CAS and WHEY þ CAS). Previous studies using higher levels of pure protein (50 g) given as a liquid preload had reported differences between whey protein and egg protein (14) or whey protein and casein (15) . These studies differed from ours in terms of the quantity of protein administered to the volunteers (our snacks contained only 22 g protein). Moreover, we used solid cheese snacks containing either casein (22 g) or casein (16 g) þ whey protein (7 g) and not pure protein in a liquid preload.
With respect to the results of visual analogue scales, we were not able to determine a difference between the two types of preload. Volunteers' responses to the four questions about hunger, fullness, prospective food consumption and desire to eat were consistent with their energy intake: for instance, the volunteers stated that they were hungrier just before lunch in the control situation than on days when they had consumed a preload. During our experiment, recorded visual analogue scale scores for taste, texture and visual appearance of preloads indicated that CAS was more palatable than WHEY þ CAS. It was previously demonstrated by Warwick et al. (23) that the palatability of a preload could affect subsequent energy intake; indeed, highly palatable vanilla-flavoured high-fat or high-carbohydrate preloads were shown to lead to a reduction in hunger and an increase in fullness ratings compared with identical but unflavoured preloads. With respect to Warwick's conclusions about higher satiety effect of a palatable preload, the CAS preload should cause a higher reduction in food intake since it was more palatable than the WHEY þ CAS preload. In contrast, our initial hypothesis was that the WHEY þ CAS preload would lead to a greater reduction in food intake because it contains whey protein (supposedly more satiating (15) ). We could therefore hypothesise that satiating effects due to differences in palatability might have been counterbalanced by intrinsic satiating properties of proteins used in preload formulas, thus leading to identical satiation effects. However, this explanation remains a subject of discussion since De Graaf et al. (24) showed that palatability exerted a more important effect on satiation than on satiety.
The experiment was made using normal-weight subjects because we wanted to study the effect of snacks in conditions as standardised as possible: healthy subjects, with no problem of weight management, no diabetes and cholesterol. However, it is possible that some individuals, such as those who are overweight or obese, are particularly susceptible to the influence of portion size and thus could react differently in front of an ad libitum meal.
In conclusion, in healthy normal-weight women, the repeated ingestion of a snack containing a moderate level of energy and a high level of milk protein fractions, 1 h before a test meal, resulted in partial energy compensation at the test meal and in full compensation over 24 h. Moreover, a high-protein, moderate-energy, regular snack would not inevitably promote overweight because energy intake was regulated over the day during the study period.
